Abstract-The management of heterotopic ossification (HO) is controversial. Although some reports have investigated assessment and surgical resection techniques for HO affecting one or more joints, the cases of multijoint stiffness secondary to HO are rare. This article describes a rare case of HO affecting both upper limbs of a 32-year-old man that severely interfered with activities of daily living. We present the rehabilitation management of this case and the functional outcome 1 to 2 yr after excision of the ossific masses.
INTRODUCTION
Among the population of individuals with traumatic brain injury (TBI), the estimated prevalence of clinical heterotopic ossification (HO) is more than 20 percent [1] , which can severely restrict range of motion (ROM) in the involved joints [1] [2] [3] . The effectiveness of pharmacological prophylaxis has not been irrefutably proven, and prophylactic irradiation runs a potential risk of malignancy [1, 4] . A lack of consensus exists regarding the timing of excising of an ossific mass [1, 4] . Although some studies have reported surgical excision of HO, few have elaborated on the functional outcomes of activities of daily living (ADLs) after surgery [5] [6] .
To the best of our knowledge, no cases of HO involving five joints of the bilateral upper limbs that required resection have been reported. The patient in the present report cannot carry out self-dressing, personal hygiene, and toiletry, even though he can ambulate. Due to the ankylosis of both upper limbs, the patient had slight difficulty maintaining his body balance. This article represents an original study of HO affecting multiple joints of the bilateral upper limbs requiring excision and rehabilitation management.
CASE REPORT: METHODS AND RESULTS
In June 2009, at the age of 28, the patient experienced a severe TBI in a motor vehicle accident. Extensive contusion and laceration of the left frontal, right frontal, and temporal lobes and corpus callosum were diagnosed, with a coma of 2 mo. The initial Glasgow Coma Scale score was 6. Upon regaining consciousness, the patient complained of pain and restricted ROM in both shoulders, both elbows, and the left middle finger. Radiographs confirmed that HO affected these five joints.
The patient was presented to us 18 mo later. He could ambulate but his body balance control was poor, with rigid upper limbs and slight lower-limb spasticity. Both shoulders were stiff and fixed in 30° abduction. Both elbows were also stiff; the left was fixed in 70° flexion and the right in 50° flexion. The proximal interphalangeal joint of the left middle finger was fixed in 90° flexion. The motor strength of the shoulders, elbows, and left middle finger could not be ascertained due to muscle spasticity and ankylosis. The laboratory data were within normal limits. Figures 1 to 4 show the location of HO in the five joints. From December 2010 to December 2011, the patient underwent five operations with intervals of a few months between operations. Partial osteotomy of the HO was performed in the shoulders until the joint was sufficiently "free," but the HO in the elbows and finger was removed completely and normal passive ROM of the three joints was achieved intraoperatively. Wound drains were kept for 3 to 5 d depending on the amount of drainage. Active and passive ROM exercises were encouraged and started on the morning of the first postoperative day within tolerable pain under the care of a physiotherapist. In order to alleviate the spasticity in the limbs, manipulation techniques such as tapping, cold water compress, rubbing, and stretching were used to assist joint exercises. Oral indomethacin (25 mg) was administered three times per day for 1 mo after each operation.
The last follow-up was performed 12 mo after the last operation and 24 mo after the first operation. The Table shows the ROM of the involved joints.
Despite the muscle spasticity, the patient could use his hands to reach his mouth, head, and perineum and self-dress, which were impossible prior to presenting to us. After liberating the stiff shoulders and elbows, the patient felt he could swing his arms rhythmically while walking. The patient reported that his balance control ability improved while walking. The patient and his parents were satisfied with improvement in ADLs. Radiographs of both upper limbs showed no recurrence of HO after surgery (Figure 5 ).
DISCUSSION
The pathophysiology and genetics that give rise to HO in patients with TBI are unclear. When HO occurs after TBI, both upper and lower limbs are affected. Hip is the most common joint affected by HO, followed by the elbow. TBI-HO of the shoulder and knee is less commonly seen, and the wrist, ankle, hands, and feet are rarely involved [1] . HO in TBI cases usually occurs on hemiplegic limbs, whereas occurring in the neurologically noninvolved side is rare [7] [8] [9] [10] . Chalidis et al. [3] found that altering the natural course of HO is difficult once it has started [3, 11] . Therefore, prevention should be emphasized. Unfortunately, predicting or preventing the development of HO is very difficult [12] [13] . Pharmacological interventions or local radiation therapy have been recommended as prophylaxis for HO, but the result is uncertain and controversial [11, [14] [15] [16] [17] [18] [19] . We administered oral indomethacin as a routine after each operation because some studies had reported its role in prophylaxis for HO [20] [21] .
The traditional trepidation and pessimism regarding surgical excision of heterotopic bone is giving way to a realization that operative treatment is successful in most cases and dramatic functional improvements can be obtained [6, [22] [23] [24] [25] [26] . Garland recommends time tables for the surgical removal of HO depending on the etiology [27] . The surgical management of HO aims to improve mobility and decrease the complications of immobility, such as pressure ulcers, intractable pain, and impingement of important neurovascular structures. In addition, surgery allows for the patient and caretaker to improve mobility and ease of care, respectively. In the immediate postoperation, continuous passive and active motion in flexion and extension was started to the point of joint resistance and the point of discomfort, and it has been shown to be beneficial in improving eventual ROM [12, 14] . 
Table.
Range of motion (in degrees) of involved joints at last follow-up.
For the present case, the complete bilateral stiffness of the shoulders and elbows left the patient in a very difficult situation regarding the use of his hands, which severely affected ADLs. Surgical intervention is a very important procedure in the comprehensive rehabilitation management of such cases. The risk of recurrence is increased when a patient must undergo multiple simultaneous operations [28] [29] . Therefore, as a precautionary measure, we operated on one joint at a time in the present case. A rehabilitation program should be started within the first 24 h after surgery and last for at least 3 wk. We believe that the first 3 wk is the "window" to prevent adhesion. For this case, active and passive ROM exercises were encouraged and started on the morning of the first postoperative day within tolerable pain under the care of a physiotherapist. In order to alleviate the spasticity in the limbs, manipulation techniques such as tapping, cold water compress, rubbing, and stretching were used to assist joint exercises.
Studies have shown that arm movement influences the postural stability during walking and sitting [30] [31] . Reduced arm swing is a factor leading to poor balance control during walking [32] . Tung et al. found that the upper limbs play an important role in affecting frontal plane balance control [33] . All of these studies confirmed that human walking involves coordinated movements of all four limbs. In the present case, the patient felt he could walk more stably with swinging arms after the treatment despite the spasticity. A limitation of the present report is that a balance test was not performed before and after the management, so an objective comparison could not be made.
The recurrence of HO is a complicated problem. In this case, no recurrence occurred at the 2 yr follow-up. The good outcome may be related to the maturity of HO, operation on one joint at a time, sufficient wound drains, the emphasis on gentle manipulation, and oral indomethacin. However, this requires further research.
CONCLUSIONS
In conclusion, this is the first report on the comprehensive rehabilitation management of a case with five joints of stiffness secondary to HO in bilateral upper limbs after TBI. Obvious improvement in ADLs was achieved. Surgical excision is important in the comprehensive protocol. An individualized rehabilitation program, including therapistassisted gentle exercises, guarantees satisfactory results for such cases. 
